Abstract. Genetic variation in MTHFR gene might explain the interindividual differences in the reduction of DNA repaired and the increase of chromosome breakage and damage. Nowadays, chromosomal rearrangement is recognized as a major cause of lymphoid malignancies. In addition, the association of MTHFR polymorphisms with aneuploidy was found in several studies, making the MTHFR gene as a good candidate for leukemia etiology. Therefore, in this study, we investigated the common sequence variation, 677C>T and 1298A>C in the MTHFR gene of 350 fixed cell specimens archived after chromosome analysis. The distribution of the MTHFR polymorphisms frequency was compared in leukemic patients with structural chromosome abnormality and chromosome aneuploidy, as well as in those with no evidence of chromosome abnormalities. We observed a significant decrease in the distribution of T allele in 677C>T polymorphisms among patients with chromosomal abnormalities including both structural aberration and aneuploidy. The same significance result also found in patients with structural aberration when compare with the normal karyotype patients. Suggesting that polymorphism in the MTHFR gene was involved in chromosome abnormalities of leukemia. However, further investigation on the correlation with the specific types of chromosomal aberrations is needed.
Introduction
MTHFR acts as a critical metabolic process in the regulation of folate and homocysteine levels. Folic acid is essential for the nucleotide precursors in normal DNA synthesis and DNA methylation reactions. A decrease in MTHFR activity results in cellular global hypomethylation and causes altereration in chromosomal recombination and abnormal chromosome segregration [1] . The 2.2 kb MTHFR gene located on the short arm of chromosome 1 at band 1p36.3 consists of 11 exons. The two common SNPs found in gene coding area of MTHFR, 677C>T and 1298A>C are intensively investigated [2] . The substitution of C for T at position 677 in exon 4 causes the substitution of alanine for valine in the MTHFR protein. The changing of amino acid lies at the binding site of the cofactor flavin-adinine dinucleotide .The different enzyme activity of MTHFR is reduced to 70% in homozygous T/T and 35 % in heterozygous C/T [3] . These differences can affect the genomic instability and decrease genomic DNA methylation in condition of low folate. The result of an increasing level of homocysteine and a decreasing level of methionine can be found in individuals with reduced MTHFR enzyme activity and low folate uptake [4] . The substitution of amino acid glutamate for a valine occurring in the 2nd MTHFR gene polymorphism, 1298A>C in exon 7, causes a reduction in the enzyme activity [5] . In contrast to the 677C>T polymorphisms, individuals with homozygous for the C allele do not have higher serum homocysteine when compared to those with homozygous A allele [4] . It has been found in many studies that common SNPs in the MTHFR gene are involved in chromosomal nondisjunction and linked to an increasing risk of trisomy 21 [6] , as well as other chromosomal aneuploidy [7, 8] . A highly significant increase in the proportion of CT heterozygotes and TT mutant homozygotes in the mother of Down Syndrome child is also shown in various studies [6, 9, 10] . James et al. [11] suggested that the changing in the nucleotide of the MTHFR gene causes a decrease of DNA methylation, leading to an increase of meiotic non disjunction. Meanwhile, recurrent chromosomal abnormalities are important factors in the pathogenesis of hematologic malignancies, including both aneuploidy and structural chromosome abnormalities. A large number of chromosome abnormalities are uniquely associated with the morphology and clinical subsets of leukemia, as well as its prognosis [12] . The correlation of MTHFR polymorphisms and chromosome aneuploidy has been shown in several studies, making the MTHFR variants are good candidate genes for the etiology of chromosome abnormalities in leukemia. In this study, we aim to determine the correlation of the 677C>T and 1298A>C MTHFR polymorphisms with the presence of cytogenetic abnormalities among Thai adult patients with acute leukemia, ALL and AML.
Materials and methods

Patients
Three hundred and fifty unrelated Thai individuals with acute leukemia, ALL and AML were included in this study during March 2006-January 2007. The patients were diagnosed as acute leukemia, ALL or AML by using morphologic analysis of bone marrow aspirates. The samples of each individual were collected for routine cytogenetic analysis at our laboratory.
Chromosome study
Cytogenetic examinations were performed on unstimulated 24-hour in vitro culture of heparinized bone marrow specimens. Chromosomes were banded with quinacrine (Q-banding method). The chromosome abnormalities were described according to the nomenclature of ISCN 2009 (International system for human cytogenetics nomenclature). The 20 metaphases were analyzed when possible, and at least 2 well banded metaphases were photographed and karyotyped by using Ikaros software (Metasystem, Germany)
DNA preparation
Total genomic DNA was isolated from 3:1 methanol: acetic acid fixed cells using the Cell and Tissue Kit (Gentra systems, Minnesta,USA). DNA extraction was performed as recommended by the manufacturer. These fixed-cell suspensions were archived after a routine chromosome analysis from a short term bone marrow culture and stored for 1 year at −20
• C in the 3:1 methanol:acetic acid solution. The study was approved by the Ethics Committee of Chulabhorn Research Institute.
Genotyping of MTHFR
MTHFR polymorphisms were performed by using HRM method on a LightCycler instrument (Roche Diagnostics, Mannheim Germany) according to Sinthuwiwat et al. [13] .
The amplification reaction of both 677C>T and 1298A>C was performed under the same condition.
The reaction mixtures were prepared in 96 well plates PCR containing 1 µl genomic DNA, 0.5 µl of each primer, 10 µl 2xconc. LightCycler 480 High Resolution Master mix, 5 µl H 2 O, PCR-graded, 2 µl of 2.5 mM MgCl 2 , 1U/ul Uracil DNA-Glycosylase was processed according to the manufacturer's instruction (Roche Diagnostics). Fluorescence data were visualized using normalization, temperature-shifting, and different plotting [14] , then analyzed using the automated grouping functionalities provided by the LightCycler 480 Gene scanning software.
Statistical analysis
The association of common SNPs of MTHFR gene and risk of chromosomal abnormalities was calculated by using Fisher's exact test of the R-package software version 2.11.1 both in dominant mode and recessive mode. Statistical significance was determined by using OR and 95% CI. The comparison of the polymorphisms distribution was performed in the followings. ± 4.61), 10 AML (6 males and 4 females; mean age 9.88 ± 4.76), and 52 ALL (29 males and 23 females; mean age 7.14 ± 4.76). Moreover, of these patients, 163 (46%) had chromosome abnormalities (notably, t(9:22), t(8;21) and complex karyotype) (Tables 1, 2) . The genotype analysis of the two common SNPs in MTHFR gene (677C>T and 1298A>C) was also successfully performed in all 350 patients. The chromosome abnormalities in each patient were classified as chromosomal aneuploidy or structural aberrations. The patients with only one or more extra or missing chromosomes were grouped as aneuploidy, while those with rearrangement of the structure of chromosome with or without changing in the chromosome number were Table 3 The distribution and statistical analysis of MTHFR 677C>T genotype in patients with Acute leukemia, ALL and AML, as well as comparison between normal karyotype and structural aberrations, normal karyotype and anueploidy, or aneuploidy and structural aberrations classified as structural aberrations. The summary of the MTHFR 677C>T and 1298A>C genotypes in the 350 leukemic patients was shown in Tables 3 and 4 . The genotype distribution of 677C>T polymorphisms was consistent with the Hardy-Weinberg equilibrium. The Allele frequency of 677C, 677T, 1298A and 1298C in Thai population was 0.88, 0.12, 0.73 and 0.27 respectively [15] . The presence of homozygous 677TT allele was found in 1.22% of leukemic patients with all forms of abnormal karyotypes and 1.06% of those with normal karyotypes. There was statistical significance in the distribution of the 677C>T genotype among the patients with no evidence of chromosome abnormalities and with abnormal chromosome in a dominant mode (CT +TT versus CC, P = 0.02 odd ratio = 1.81) ( Table 5 ). The frequency of T allele in the patients with normal karyotype was greater than those with abnormal chromosome (p = 0.02, odd ratio 1.61). The same result was found when compared between the patients with structural aberration and patients with normal chromosome (P = 0.02, odd ratio = 1.9). However, there was no significant difference in the 1298A>C genotype either in a dominant mode or in a recessive mode. When considering the presence of both simultaneously 677TT and 1298CC, no statistical difference was found. There was no significant difference of both 677C>T and 1298A>C frequency in the comparison between the structural aberration and aneuploidy aberration, or the normal chromosome and the aneuploidy (Table 5) .
However, negative association was also found in the geneotype of 677C>T and 1298A>C distribution between AML patients with normal karyotype and all abnormal karyotypes. None of the haplotypes was observed more frequently in the comparison between the aneuploidy AML and the normal karyotype AML, the structural aberration AML and the normal karyotype AML, or the aneuploidy AML and the structural aberration AML. The statistical analysis was also similarly performed in ALL and acute leukemia patients. All of the results showed no significant difference in any haplotypes. Like in the individual SNPs, no statistical difference was found when considering the presence of both genotype of 677C>T and 1298A>C simultaneously.
Discussion
Recently, several studies have investigated the relationship between the role of MTHFR polymorphisms and the risk of chromosomal aneuploidy, especially in the Down syndrome. In most studies, the high frequency of Down syndrome child with TT geneotype was found [6, 7, 16] . MTHFR polymorphisms were also reported as a risk factor of leukemia in many studies [2, 17] . The chromosome abnormalities were one of the important events often seen in leukemic patients and also the major cause of leukemia. Therefore, in this study we evaluated the correlation between the MTH-FR polymorphisms and the chromosomal abnormalities in our Thai leukemic patients. We found the association between the MTHFR genotype and chromosome abnormalities. The patients who had normal chromosome were more frequently found with T allele when compared with those who had abnormal chromosome. Nevertheless, our result was not concordant with previous studies [18] . Gallegos-Arreola M.P. found that the TT genotype was found most frequently in the group with chromosome abnormalities. This study reported statistically in an opposite direction to what has been observed in our study. The observation of the association of MTHFR and trisomy 21 was also controversially found. Many studies found the correlation between MTHFR and trisomy 21, whereas others showed the conflicting results [19] . It was suggested that the effect of polymorphisms at 677C>T might be restricted to certain chromosomes, including chromosome 21 [7] .
Chromosome abnormality was believed to be the major cause of leukemia. Therefore, the TT allele causing the reduction of chromosome abnormality should be a protective factor for leukemia. Many studies involving risk factor of leukemia are interested in MTH-FR polymorphisms. There were also many conflicts on the results of these studies. The protective effect of the MTHFR 677 homozygous (TT) genotype was observed by Franco et al. [20] . While a German study by Schnakenberg et al. [21] observed no association between pediatric ALL and MTHFR polymorphisms. Pereira et al. [22] , conducted a meta-analysis in 13 published case control studies. They observed that individuals with homozygous for MTHFR 677 (TT) failed to show a reduced risk of childhood ALL (OR 0.84, 95% CI 0.69-1.03), whereas the TT genotype was associated with a significant reduction in the risk of adult ALL development. These results were different probably due to several factors, including the ethnic background, gene to gene interaction, gene to environment interaction, and number of patients recluded in the study.
With the exception of MTHFR genotype distribution between chromosome abnormalities and normal karyotype and between structural abnormalities and nonchromosome abnormalities, we observed no association between the MTHFR polymorphisms and any other groups, Further study on these should be carried on with a larger number of patients in each type of abnormalities.
Additionally, the distribution of MTHFR 1298A>C genotypes was not different in any comparisons. This was in accordance with many studies showing no correlation of the MTHFR 1298A>C with chromosomal abnormality or with risk of leukemia [23] . The main reason was that the impaired function of the enzyme was not significantly enough to affect the pathway of methylation functions. Thus, there was only a minor effect of 1298A>C on the metabolism pathways [24] .
There are controversies about the MTHFR variant presented in many studies, which requires more investigation. Hopefully, the understanding of MTHFR genotype and chromosome abnormalities in leukemic patients will lead to a better preventive approach for leukemia.
In summary, no association of the MTHFR 1298A>C polymorphisms was found in this study as a risk of chromosome abnormalities in leukemic patients. In contrast, the 677C>T variant could play some roles as the risk of chromosome aberration in leukemic patients.
